The effects of scattering are assessed for energetic ions of interest as pR, yield, and/or implosion symmetry diagnostics. Because the Coulomb logarithm between such energetic ions (~ 1 MeV) and the "field" ions is always of order 10 or larger, scattering effects are shown to be small. In contrast the Coulomb logarithm between energetic ions and "field" electrons is typically of order 4; but here the large mass ratio (10') between ion and electron precludes the possibility of ion scattering. Consequently the continuousslowing-down stopping power and the linear-energy-transfer (LET) stopping power are very close. The consequences of this near identity in the stopping powers is exploited in order to calculate pR over a range of plasma parameters of relevance to ICF plasmas. and of implosion symmetry and yield' 9 . In particular, with the new charged-particle spectrometer proposed by Hicks et al 8 ' 9 (Fig. 1) , sensitive measurements of charged particles with energies from -0.2 MeV to 18 MeV are now feasible. Especially because of the spectrometer's unique low-energy sensitivity, measurements of fuel pRs as large as -0.3 g/cm 2 seem readily possible. In contrast, previous charged particle spectrometers typically had a low-energy cutoff of about 4 MeV3. However, among other important issues (such as pusher pdR energy degradation), the effects of ion scattering upon the linear-energy-transfer (LET) of the energetic ions -be they knock-ons, secondaries or primaries -need to be addressed in order to more fully assess the practical realization of this diagnostic. For example, Nakaishi et al 4 claim that for pR diagnostics, the effects of scattering need to be carefully treated. They in fact develop a Monte-Carlo approach in assessing such effects. Our analysis indicates that for all energetic charged particles of interest --protons, deuterons, and tritons --, scattering effects can be ignored.
For inertially confined fusion plasmas, energetic ions generated from knock-on, secondary, and primary fusion reactions (Table 1) , offer diagnostic capabilities of fuel pR 1 -7 and of implosion symmetry and yield' 9 . In particular, with the new charged-particle spectrometer proposed by Hicks et al 8 ' 9 ( Fig. 1) , sensitive measurements of charged particles with energies from -0.2 MeV to 18 MeV are now feasible. Especially because of the spectrometer's unique low-energy sensitivity, measurements of fuel pRs as large as -0.3 g/cm 2 seem readily possible. In contrast, previous charged particle spectrometers typically had a low-energy cutoff of about 4 MeV3. However, among other important issues (such as pusher pdR energy degradation), the effects of ion scattering upon the linear-energy-transfer (LET) of the energetic ions -be they knock-ons, secondaries or primaries -need to be addressed in order to more fully assess the practical realization of this diagnostic. For example, Nakaishi et al 4 claim that for pR diagnostics, the effects of scattering need to be carefully treated. They in fact develop a Monte-Carlo approach in assessing such effects. Our analysis indicates that for all energetic charged particles of interest --protons, deuterons, and tritons --, scattering effects can be ignored.
Herein we utilize recent calculations that allow one to readily assess the effects of scattering that could occur in dense, moderately-coupled plasmas. We find there is little difference between the continuous-slowing-down stopping power of Ref. 10 and the linear-energy-transfer (LET) stopping power. The essence of the argument is based on the following two facts. First, the energetic ions (so called the "test" particles) almost exclusively loose energy to the plasma "field" electrons. And second, because the Coulomb logarithm for the energetic ions and "field" ions is always of order 10 or larger, scattering effects can be shown to be small [see Eq. (1)]. This is also qualitatively reflected by the circumstance that for "test" and "field" particles of comparable mass, the Coulomb logarithm is a measure of the importance of small-angle collisions to that of scattering 10 .
In contrast, the Coulomb logarithm between "test" ions and "field" electrons is of order 5 (Fig. 2) ; however, because of the huge mass difference between "test" ions and "field" electrons (~ 10'), scattering of the energetic ions off the "field" electrons is precluded.
In subsequent discussion, we utilize the stopping power of Refs. 10 and 11:
where dE t /f/dx is the stopping power of a test particle (sub or superscript t) in a field of background charges (sub or superscript f) and
The contribution of large-angle scattering is solely manifested by 1/lnAb terms of Eq.
(2). In particular, if lnAb~ 10 and we ignore this correction, then Eqs. (1) and (2) reduce to Trubnikov's expression' 2 . In the above equations, Zte is the test charge; vt (vj) is the test (field) particle velocity with xt/f= v2/vf; mt (mf) is test (field) particle mass; wpf = (4rnfe2/mf)1/2, the field plasma frequency. p(xt/f) = 2ff e-
d /x/r is the Maxwell integral; lnAb = ln(AD/Pmin), where, for the non-degenerate regime, AD is the Debye length and pmrn = p_ + (h/2mru) 2 ; p± = etef/mru 2 is the classical impact parameter for 90* scattering, with m, the reduced mass and u the relative velocity. However, in the low temperature, high density regime, electron (not ion) quantum degeneracy effects must be considered in calculating AD and pnin. Specifically, we semi-quantitatively include the effects of strong degeneracy by replacing the electron temperature with an effective temperature, defined as
where TF is the Fermi temperature. When this is done, our value for the Coulomb logarithm is in close agreement with the rigorous formulation of the Coulomb logarithm based on the quantum random-phase-approximation of Skupsky 13 . Finally, the effects of collective oscillation have not been included since they begin to become important only for ~ 14 MeV protons when Tea 1 keV 10 .
In order to illustrate the results of this analysis, the energetic charged ions of (Fig. 3b) . Thus, virtually through the entire process of energy loss to the plasma, the effects of scattering will always be small.
With this result, Eq. (4) is used to determine the pR of the energetic particles ( Table   1 ) for various conditions of interest.
Figs. 4 through 9 display these results. Note in particular the effects of density upon pR (Figs. 5 and 6 ). This is a consequence of two effects. First, since InAt/e -5, the Coulomb logarithm is much more sensitive to the density than if it were 10 or greater. Second, for modest temperatures and high densities, electron degeneracy effects will occur. Figs. 8 and 9 ).
In conclusion, we have determined that the effects of scattering are negligible for energetic ions( Table 1 ) applicable to pR, yield, and/or implosion symmetry diagnostics.
These calculations in part determine the potential utility of the proposed charged particle spectrometer' 9 that has a wide energy range (0.2 to 18 MeV), and about 10 million single-hit detectors, each of which can be electronically interrogated.
In the future, the scattering of energetic "test" electrons off field electrons and ions will be treated, a case germane to the fast ignitor concept 1 4 and to fast electrons generated in stimulated Raman scattering. In such instances, the effects of scattering cannot be ignored. the spectrometer a dynamic range of 1-10" particle/shot. For example, in the case of a DT yield of 10' neutrons, about 100 knock-on charged particles will be detected when the spectrometer aperture is 60 cm from the implosion. Furthermore, the measurement of knock-on D and T spectra will allow pR up to 0.15 g/cm 2 to be measured (for a 1 keV plasma), or 0.3 g/cm 2 if hydrogen doping is used. In addition, the yield and slowing down of secondary protons may be used to determine pR up to 0.3 g/cm 2 . Significantly, this diagnostic will also directly measure the DD fusion yield and energy degradation of nascent 3 MeV protons. By using two such compact spectrometers to measure the yield and spectra on widely separated ports around the OMEGA Upgrade target chamber, the implosion and burn symmetry can also be determined. 
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